This paper examines the assessment and funding rate estimation process for the implementation of wastewater treatment (WT) projects through Public Private Partnerships (PPPs). The study, having as strong theoretical foundation the Cost Benefit Analysis (CBA) methodology and the quantitative Value for Money (VfM) assessment process, develops a new algorithmic type model, in order to present a process for the funding evaluation of PPP type WT project's initial investment. The model applies in those projects that are considered to be financed by both public and private sectors and further could be potentially co-financed by the European community. The model is tested in a WT project case study and calculates the upper and lower limits of the public and private sectors' funding rates in the initial investment. Due to the fact that a PPP is not a solution option but may be the procurement choice for a preferred solution option, the new model can be a useful tool to project examiners during the feasibility stage of WT projects, in order to evaluate alternative funding scenarios and propose the most suitable in each case option to decision-makers.
Introduction
2002 [21] and there were approximately 668 by the end of 2009 [22] . PFI are based in public services provision, operated and also financed by the private sector [23, 24] . Currently, the existing UK guide for the VfM assessment [25] describes the methodology of approaching and estimating the VfM that results by the comparison of the PFI against the conventional procurement options. Indicatively, the quantitative assessment is accomplished with a spreadsheet, by following the instructions of the corresponding guide [26] , with the appropriate time risk allocation, which is a critical success factor in PPP projects [27] , to those parties that are best able to manage [28] . On the other hand, the CBA methodology as it is presented in the CBA guide for investment projects, issued by the European Commission [29] , has six basic steps, including the financial and economic analysis. A remarkable point is that project proposals have to include CBA for all large projects co-financed by the European Community for the 2007-2013 period, where projects considered to be large are those in which the environmental projects budget is over € 25 million and over € 50 million for the other categories [30] . The main purpose of the financial analysis is to use the project cash flow forecasts, in order to calculate the Financial Net Present Value (FNPV) and Financial Rate of Return (FRR). Cash flows arising in different years of the project's lifecycle are calculated by the discount rate (discount flow analysis) in order to adapt to the present value of future flows [31] . Particularly in PPPs, it is recommended that financial analysis should include calculations of the FRR (Kg) and FRR (Kp) indicators, respectively for the public and the private investor. Additionally, economic analysis evaluates the contribution of the project to the economic welfare of the country and is executed on behalf of the whole of society. The key concept is the use of accounting shadow prices, based on the social opportunity cost, instead of observed distorted prices, in order to calculate the Economic NPV (ENPV) and the Economic IRR (ERR). Economic analysis' methodology is divided into five steps: conversion of market to accounting prices, monetisation of non-market impacts, inclusion of additional indirect effects, discounting of the estimated costs and benefits and calculation of the relative indicators, ENPV, ERR and B/C ratio.
Economic analysis of wastewater treatment projects
Initially, it has to be mentioned that the most effective way of reducing WT needs and costs, is to reduce the domestic water consumption through an effective water demand management [32] . The second step is the development of WT projects, which have to be planned according to collection and treatment characteristics [33] and the criteria for the selection of the appropriate system are based on factors such as the population density, the produced wastewater volume, the presence of shallow water wells susceptible to wastewater pollution, the soil permeability, the unit cost of wastewater collection and the socioeconomic and cultural considerations. However, due to the fact that WT projects should be examined on a case by case basis, the critical point is to distinguish the resulting benefits of the project. Specifically, in dealing with the impact of waste water, boundaries for downstream effects should be clear, either including the area affected immediately, or consider the impacts on irrigation, fishing and drinking water [34] . Moreover, due to the fact that typical environmental impacts are associated with the water quality as well as the soil and groundwater quality, the decrease or increase of the waters' quantity or quality produces some gains or losses in social benefits, while the economic value measurement uses actual related market prices. In the case that market prices do not exist, relevant approaches should be followed. The most common approach is the use of the contingent valuation (CV) method, which is a survey-based method frequently used for placing monetary values on goods and services not bought and sold in the marketplace, for the evaluation of a consumer's willingness to pay for different product/services attributes. Additionally, in the non-market goods appraisal, there is also the Benefit Transfer Approach specifically for environmental goods and services [35] , while approaches are also suggested in valuing time, health benefits, landscape or water [36] .
Case study: evaluation of a wastewater treatment project
The target of this study is to test a hypothetical WT project in both the above evaluation methods, VfM quantitative assessment and CBA, and to combine them suitably by developing a process that could be used in funding evaluation, during a project's feasibility stage. Indicatively, the case study aims to evaluate alternative funding scenarios. The market price, as well as the standard conversion factor and conversion factors that the specific case study uses, are equal to the values of the European CBA guides' relevant case study. Moreover, the initial investment cost is divided equally in the implementation phase's years, while data used have rounded prices for the sake of simplicity. The project is an investment in the field of waste water treatment, for the reuse of well purified waste water for multiple purposes after an intensive tertiary treatment process. It takes place in a member state of the EU and includes the construction of a new water purifier for a city of 200.000 residents in the initial year, while the population grows with an annual rate of 0.5%. Currently, wastewater is discharged untreated into the river crossing the city and part of the water supply is obtained through wells, subjecting the groundwater to an over-abstraction. For this reason, the local aquifer has been depleted, and its hydro geological level has been considerably lowered in recent years. Public authorities decided to examine the funding alternatives of the preferred option, which is the construction of the new water purifier, in order to decide about the funding rates of each participant, i.e. public and private financing in combination with the co-financed EU's grant.
Assumptions: general
The specific project includes a two year implementation and the 18 year operation of the WT system phases and only financial inflows and outflows are considered. 
Initial investment, expenditures and revenues
The cost of the initial investment is estimated to be €30 million, with a 4,5% escalator rate. This is divided into 10% for the feasibility and technical studies, 5% in land expropriation, 25% in labour, 20% in materials for civil works, 10% in transports and rentals and 30% in electromechanical equipment. This cost is 10% higher under the PPP option, as more risk is transferred. The annual operational expenditures (employment) for the initial year of the operational phase are estimated to be € 630.000 in Present Value (PV), which follows a 3,5% escalator rate. On the other hand, the non employment operational expenditures are €200.000/year and the Life Cycle costs, i.e. the annual basis investments during the contract period to maintain the asset so that it remains fit for its intended purpose, are estimated to be € 450.000 for the 1 st year, which both follow a 2,5% escalator rate. These costs are met by the private contractor as outflows, while inflows are the annual payments from the public sector. Taking into consideration that the actual daily water supply is estimated to be 190 lt/resident, which has a reduction factor of 0,8 due to water network leakages, and that the purification charge will be €0,32/m 3 , expected revenues are: 200.000x190x365x0,8/1000x0,32 = 3.550.720 € / 1 st year, altered by 2% annually (1,5% the inflation and 0,5%).
Discount rate
According to the European Guide to CBA, the discount rate that is suggested for investment calculating in the Euro zone during the 2007-2013 period is 5%. Notwithstanding the above rate may vary depending on macroeconomic conditions, or depending on the type of investment, e.g. in PPP projects. For the present project 6% will be taken as the nominal discount rate, based on the Green Book real discount rate of 3,5% [36] , and GPD deflator assumption of 2,5%.
Positive and negative externalities
Critical factors that project examiners should take into account are the positive and negative external impacts from the WT plant operation, i.e. the costs and benefits arising to the users, relative costs and benefits for the water resource itself and for the environment in general. Due to the fact that the water supply services is a classic case of a monopoly market, the revenues collected by the owner, even if corrected by means of appropriate conversion factors, do not represent the project's social benefits. Indicatively, some recognised externalities are presented:
Negative externalities
In the local area there are costs due to the noise, odours, and aesthetic and landscape impacts of the plant. However, for the sake of simplicity, the present case study assumes that the estimated hedonic price is 1.000.000/year, equal to the difference between the market value of the rent for the buildings in the area before the plant is built and the value after the plant is built.
Positive externalities
The main benefit arising from the specific project's implementation is the groundwater resource saving with the protection of the local hydro-geological level, as well as the generation of many positive environmental effects. Taking an accounting price of € 0,6 per cubic meter of treated water, the benefits are valued at € 6.657.600/year. Additionally, with the use of an accounting price of € 0,7/m 3 for the environmental protection of water and land and the safeguarding of human health and the integrity of human species, environmental benefits have an estimated value of € 7.767.200/year.
Quantitative VfM assessment
In the case of the quantitative VfM assessment process, which includes the comparison of the Conventional Procurement (CP) against the PFI options, the economic impact, either positive or negative, of the indirect VfM factors should be taken into account. However, only the factors that are likely to arise differentially under one of the tested options are calculated. In the present case study, it is assumed that the PFI option has a 2 million NPV against the CP option (due to risk allocation, design quality, etc). Additionally, the lifecycle cost is taken into account for both options, which represent the cost that is invested during the lifecycle of the project, so the asset remains fit for its intended purpose. The input sheet for the specific case study is illustrated in Table 1 . The result of the spreadsheet for a pre tax target Equity IRR of 18%, is the "Indicative" VfM value of 22,70% in favour of the PFI Option, i.e. the PFI is expected to have better VfM than the CP option. Furthermore, the point analysis shows that the switching value of capital expenditure factor is -30%, while the relative switching value of the unitary charge is +32%. These values lie outside the default benchmark tolerances of -5% and 3%, respectively. However, this process does not take into account the revenues that arise by the charging of users, since the payments to the SPV by the state through the unitary charge are adjusted according to the pre tax equity IRR that is used each time. On the other hand, the revenues arising from the investment process, as well as the cofinancing rate by other organizations, are considered during the CBA. The process flowchart for funding evaluation with the combination of the above methodologies is illustrated in figure 1.
Cost benefit analysis
Taking into consideration the revenues that the owner will have by the users' charging, it is proposed that project examiners should evaluate alternative funding rates of the initial investment scenarios in the decision making process. Due to the fact that the project will take place in a EU member state, it is crucial that the initial estimation of the maximum amount to which the co-financing rate of the priority axis applies, with the use of funding gap rate, follows the funding gap method. In the present case, the funding gap rate is calculated to be 11,22%, i.e. the maximum EU contribution is 30x10 6 x0,1122 = 3,366x10 6 €.
Funding evaluation model
The suggested process includes the initial calculation of the investment's indicators under a base case scenario, taking into consideration the maximum EU 
Base case and alternative scenarios
The EU contributes to the initial investment funding at 11,22% and the remaining 88,78% is covered equally: 44,39% for each of the public sector and the SPV. Indicatively, public funding includes an amount of € 6.658.500 (22,195% of investment costs) by equity, while the remaining 22,195% is provided by a national or regional fund. Additionally, the private financing (€ 13.317.000) is given by equity for 10% of the amount (€ 1.331.700) and by loan for the other 90% (€ 11.985.300), where the loan has a 6% interest rate with an amortization period of 10 years. The service fee paid to SPV is set at € 0.256 per cubic metre of treated water. Calculations of the returns on Local Public capital and Private Equity and the economic analysis of the base case scenario are illustrated in Table 2 . For these calculations, it has been taken for granted that the rest of the initial investment, which is not covered by EU funding, is divided equally (44,39-44,39%) between public and private participants. The next step is to analyze various levels of public and private participation, while maintaining full use of the EU funding.
Figure 1:
Funding evaluation process flowchart for the implementation of wastewater treatment projects through public private partnership.
Calculations
Calculations of the project's performance indicators under the alternative funding scenarios are also illustrated in Table 2 . Furthermore, the resulting diagram, which is presented in Figure 2 , demonstrates that the four alternative scenarios result in negative financial indicators either for the public or the private participant. Taking into consideration that the financial indicators of both participants should have positive values, the switching points' calculations are critical, as they reflect the upper and lower limits of the public and private organizations funding rates, as presented in Figure 3 . Following the trial and error method, the evaluation process includes the calculation of the switching point's value. For the present case study, as shown in Figure 3 , the first switching point value is 31,38% for the SPV and 57,4% for the public sector (27,8% by national or regional fund and 28,7% by local public capital) and the second switching point value is 63,18% for the SPV and 25,6% for the public sector (12,8% by national or regional fund and 12,8% by local public capital). These values present the upper and lower limits of the funding rates that the public and private participants should contribute in the initial investment, so project examiners have to go further in the risk assessment of the CBA, by choosing funding rates between these limits.
Process flowchart
The total process flowchart is illustrated in Figure 1 and presents a new algorithmic type model, which could be used in the funding evaluation process of WT projects implementation through PPPs.
Conclusions
The current study examines the initial funding estimation process executed by project examiners during the feasibility stage of WT projects and develops a new algorithmic type model, which follows the option analysis. The new model presents the project examination process in the procurement option under PPPs and specifically the implementation of BOT contracts, where both public and private sectors participate in the initial investment funding. The model is divided into six steps. Initially, it includes the collection of the appropriate data and further the quantitative VfM assessment process in order to demonstrate that the PPP procurement option includes enough VfM. Additionally, the new model takes into consideration that the project will be implemented in a EU member state, so the CBA methodology is used, which includes the funding-gap rate estimation. Later, the financial as well as the economic analysis of a base case scenario are examined, where the rest of the initial investment is covered equally by the public and the private sector. Moreover, the algorithm includes the calculation of various levels of funding rates for both participants and indicatively the switching points, where the FNPV indicators of public and private sectors are positive, i.e. both FRRs are equal to or greater than the discount rate. Switching points resulting from process present the upper and Figure 3 :
Results of the evaluation process.
lower limits, which include the possible values of the funding rates that the public and the private sectors should contribute in the initial investment. The new model is tested in a hypothetical case study, where the implementation through PPP of a WT project is examined. The model can be used by the project examiners during the feasibility stage of a project, in order to submit the appropriate proposals to decision makers about the funding rates that the participants should contribute in the project's initial investment.
